METHOD AND APPARATUS FOR EXTRUDING 
UNVULCANIZED RUBBER 



BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a method and apparatus for 
extruding unvulcanized rubber, in which an unvulcanized rubber 
member comprised of at least two kinds of unvulcanized rubbers is 
extruded. 

Description of the Related Art: 

In an automobile pneumatic tire, there are some cases in which 
a rubber chafer comprised of hard rubber may be provided at the outer 
side of a tire bead portion so as to increase rigidity of the bead portion. 

An upper end of the rubber chafer is connected to a side-wall 
rubber layer which forms a side wall of the tire. 

However, there are cases in which, because the bead portion is 
repeatedly subjected to bending deformation when the vehicle is 
running, the rubber chafer and the side-wall rubber layer are separated 
from each other. 

In order to solve the aforementioned problem, it has been 
considered that an area in which the rubber chafer and the side-wall 
rubber layer are connected can be increased, and a pneumatic tire 
having a cross sectional configuration as shown in Fig. 7 has been 
proposed. 

In the pneumatic tire having the cross sectional configuration 
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shown in Fig. 7, an inner portion 106A provided at a radial-direction 
inner side of a side-wall rubber layer 106 which forms a side wall 104, 
and an outer portion 106B provided at an outer side of the side-wall 
rubber layer 106 are formed so as to cover inner and outer surfaces, in 
an axial direction of the tire, of a rubber chafer 102 tapered in an 
upward direction, and an area in which the side-wall rubber layer 106 
and the rubber chafer 102 are connected is increased so as to 
strengthen the junction between the side-wall rubber layer 106 and the 
rubber chafer 102. 

In order to manufacture such a pneumatic tire, in a process for 
producing a green tire, a rubber extruded member 108 in which the 
unvulcanized side-wall rubber layer 106 and the unvulcanized rubber 
chafer 102 having the cross sectional configuration as shown in Fig. 8 
are integrated with each other is produced. Thereafter, a rubber sheet 
110 comprised of unvulcanized rubber of the same kind as the side-wall 
rubber layer 106 is adhered so as to cover a region of the rubber 
extruded member 108 in the vicinity of the end of the rubber chafer 
102. 

The rubber extruded member 108 with the rubber sheet 110 
adhered thereto is applied to an outer surface of a carcass of a tire case 
in a production process. Thus, the pneumatic tire is manufactured. 

However, there conventionally existed a problem that 
equipment for adhering the rubber sheet 110 or a process for adhering 
the sheet may be required, and equipment investment and stock 
handling of the rubber sheet 10 may also increase. 



Further, because the thick rubber sheet 110 is adhered to the 
rubber extruded member 108, a stepped portion 112 is formed on the 
surface of the rubber extruded member 108, as shown in Fig. 8. For 
this reason, air in the stepped portion 112 may cause bare. Moreover, 
losses due to spoiled products caused by incorrect setting may also 
increase. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a method and 
apparatus for extruding unvulcanized rubber, in which equipment 
investment for tires is held down, the number of manufacturing steps is 
not increased, and an unvulcanized rubber extruded member from 
which a high quality tire is produced can be formed by extrusion. 

A first aspect of the present invention is an apparatus for 
extruding unvulcanized rubber which comprises a first extruder main 
body for extruding a first unvulcanized rubber, a second extruder 
main body for extruding a second unvulcanized rubber, an extrusion 
head which connects a leading end of the first extruder main body and 
the second extruder main body, and a passage-forming die for guiding, 
at a leading end of the extrusion head, the first unvulcanized rubber 
and the second unvulcanized rubber toward a die plate having an 
opening, wherein an extruded rubber member is formed by extrusion, 
the extruded rubber member having a cross sectional configuration in 
which, when seen from a cross section perpendicular to a direction in 
which the extruded rubber member is extruded, a portion of the 



second unvulcanized rubber intrudes into the first unvulcanized 
rubber and a portion of the first unvulcanized rubber is disposed at 
both sides of the intruded second unvulcanized rubber in a direction 
intersecting a direction in which the second unvulcanized rubber 
intrudes, the apparatus comprising: a first passage through which the 
first unvulcanized rubber passes; a second passage provided adjacent 
to or connected to the first passage and making the second 
unvulcanized rubber to pass therethrough; and a flow dividing 
mechanism provided at one of a portion at which the first passage and 
the second passage are disposed adjacently and a portion at which 
these passages are connected, and separating a portion of the first 
unvulcanized rubber passing through the first passage to allow the 
first unvulcanized rubber to be disposed at both sides of the intruded 
second unvulcanized rubber in a direction intersecting a direction in 
which the second unvulcanized rubber intrudes. 

In the apparatus for extruding unvulcanized rubber, the first 
unvulcanized rubber and the second unvulcanized rubber are each 
delivered to the passage-forming die by using the first extruder main 
body and the second extruder main body, respectively. 

The first unvulcanized rubber passes through the first passage 
formed in the passage-forming die and the second unvulcanized rubber 
passes through the second passage formed in the passage-forming die. 

The flow dividing mechanism provided between the first 
passage and the second passage divides a portion of the flowing first 
unvulcanized rubber passed through the first passage so that the first 



unvulcanized rubber is disposed in the extruded rubber member at 
both sides of the intruded second unvulcanized rubber in a direction 
intersecting a direction in which the second unvulcanized rubber 
intrudes. 

As a result, the extruded rubber member is readily obtained by 
one extrusion process, and the member has a cross sectional 
configuration in which, when seen in a cross section perpendicular to a 
direction in which the extruded rubber member is extruded, at a 
boundary portion between the first unvulcanized rubber and the 
second unvulcanized rubber, a portion of the second unvulcanized 
rubber intrudes into the first unvulcanized rubber, and a portion of the 
first unvulcanized rubber is disposed at both sides of the intruded 
second unvulcanized rubber in a direction intersecting a direction in 
which the second unvulcanized rubber intrudes. 

In the apparatus for extruding unvulcanized rubber of the 
present invention, preferably, the flow dividing mechanism includes a 
first weir disposed at an upstream side of the die plate and apart from 
the die plate, and protruding from the second passage side toward the 
first passage in a direction perpendicular to a direction in which the 
unvulcanized rubbers pass. 

In the aforementioned apparatus for extruding unvulcanized 
rubber, the weir formed so as to protrude from the second passage 
toward the first passage in a direction perpendicular to a direction in 
which unvulcanized rubber passes is provided at the upstream side of 
the die plate and apart from the die plate. For this reason, the direction 
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in which a portion of the first unvulcanized rubber passes through the 
first passage can be changed so that the portion of the first 
unvulcanized rubber rides over a protruding end of the weir, and the 
direction in which the other portion of the first unvulcanized rubber 
flows can be changed so that the other portion of the first unvulcanized 
rubber flows laterally around the weir in a direction perpendicular to a 
direction in which the weir protrudes. 

As a result, the portion of the first unvulcanized rubber is 
disposed at one side of the intruded second unvulcanized rubber in the 
direction in which the second unvulcanized rubber intrudes, and the 
other portion of the first unvulcanized rubber is disposed at another 
side of the intruded second unvulcanized rubber. 

A second aspect of the present invention is a method for 
extruding unvulcanized rubber, in which an extruded rubber member 
is formed by extrusion by an extruding apparatus, the extruded 
rubber member having a cross sectional configuration in which a 
portion of the second unvulcanized rubber intrudes into the first 
unvulcanized rubber and a portion of the first unvulcanized rubber is 
disposed at both sides of the intruded second unvulcanized rubber in 
a direction intersecting a direction in which the second unvulcanized 
rubber intrudes, the method comprising the steps of: dividing a 
portion of the flowing first unvulcanized rubber into two flows at an 
upstream side of a die plate including an opening in the extruding 
apparatus; allowing a portion of the second unvulcanized rubber to 
intrude in between the two flows into which the portion of the first 



unvulcanized rubber is divided; and extruding, from the opening of the 
die plate, an extruded rubber member in which the first unvulcanized 
rubber and the second unvulcanized rubber are integrated with each 
other. 

In the method for extruding unvulcanized rubber, a portion of 
the flowing first unvulcanized rubber is divided into two parts at the 
upstream side of the die plate having the opening for the extruding 
apparatus, and a portion of the second unvulcanized rubber is caused 
to intrude in between the two divided flows of the first unvulcanized 
rubber. Thereafter, the first unvulcanized rubber and the second 
unvulcanized rubber are integrated with each other and an extruded 
rubber member having the first and second unvulcanized rubbers 
integrated is extruded from the opening of the die plate. 

In the aforementioned method for extruding unvulcanized 
rubber of the present invention, preferably, the extruding apparatus 
includes a flow dividing mechanism including a first weir which is 
provided at the upstream side of the die plate and apart from the die 
plate and which protrudes in a direction perpendicular to a direction 
in which the first unvulcanized rubber passes, the first unvulcanized 
rubber and the second unvulcanized rubber are caused to intersect 
with each other by allowing the second unvulcanized rubber to pass 
over the first weir. 

Further, preferably, the flow dividing mechanism includes a 
second weir extending from the first weir to the die plate, and the 
position of one of leading ends of two divided flows of the first 
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unvulcanized rubber disposed at both sides of the second 
unvulcanized rubber is changed by the position of the second weir. 

Moreover, the aforementioned method, preferably, further 
comprises a step of: causing a portion of a third unvulcanized rubber 
to intrude into the first unvulcanized rubber, and an extruded rubber 
member having a region in which the first unvulcanized rubber and 
the third unvulcanized rubber are integrated with each other is 
extruded from the opening of the die plate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A is a back view of a passage-forming die as seen from a 
side of extruders. 

Fig. IB is a cross sectional view taken along the line 1(B) - 1(B) 
of the passage -forming die shown in Fig. 1A. 

Fig. 2 is a side view which schematically shows structure of an 
unvulcanized rubber extruding apparatus. 

Fig. 3 is a cross sectional view of an unvulcanized rubber 
member formed by extrusion by the unvulcanized rubber extruding 
apparatus. 

Fig. 4 is a longitudinal cross sectional view of an extrusion 

head. 

Fig. 5 is a perspective view showing a portion of the passage- 
forming die. 

Fig. 6A is a cross sectional view taken along the line 6(A) - 6(A) 
of the passage-forming die shown in Fig. 1A. 
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Fig. 6B is a cross sectional view taken along the line 6(B) - 6(B) 
of the passage-forming die shown in Fig. 1A. 

Fig. 6C is a cross sectional view taken along the line 6(C) - 6(C) 
of the passage-forming die shown in Fig. 1A. 

Fig. 7 is a cross sectional view showing a bead portion of a 
conventional pneumatic tire. 

Fig. 8 is a cross sectional view of a conventional unvulcanized 
rubber member. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of an unvulcanized rubber extruding 
apparatus of the present invention will be described hereinafter with 
reference to Figs. 1 to 6. 

As shown in Fig. 2, the unvulcanized rubber extruding 
apparatus 10 has three extruder main bodies 12, 14 and 16, and an 
extrusion head 18 to which ends of the extruder main bodies 12, 14 
and 16 are connected. 

The extruder main bodies 12,14 and 16 each include a hopper 
(not shown) for supplying unvulcanized rubber, and three kinds of 
unvulcanized rubbers A, B and C having different compositions are 
continuously supplied from the hoppers to the extruder main bodies 
12,14 and 16, respectively. The supplied unvulcanized rubbers A, B 
and C are each kneaded by screws (not shown) driven to rotate within 
the extruder main bodies 12, 14 or 16. As a result, the unvulcanized 
rubbers A, B and C are caused to flow toward the extrusion head 18 



while exhibiting enhanced fluidity due to a self-exothermic property 
and increased plasticity. 

The extruder main bodies 12, 14 and 16 each have the same 
structure as in a conventional system. 

Next, an unvulcanized rubber member 19 formed by extrusion 
with the unvulcanized rubber extruding apparatus 10 will be 
described with reference to Fig. 3. 

As shown in the cross sectional view of Fig. 3, an unvulcanized 
rubber member 19 is comprised of the three kinds of unvulcanized 
rubber, that is, the unvulcanized rubber A for forming a rubber chafer, 
the unvulcanized rubber B for forming a side-wall rubber layer, and 
the unvulcanized rubber C for a cushion rubber layer to be disposed at 
an inner side of a tread at a position near a tire shoulder. The 
unvulcanized rubber member 19 is formed by extrusion so as to 
become wide in a horizontal direction, that is, in the direction 
indicated by arrows L and R. 

In the unvulcanized rubber member 19, a substantially V- 
shaped groove portion Ba is provided at an end of the unvulcanized 
rubber B (the side-wall rubber layer) in the direction indicated by 
arrow L. At the end of the unvulcanized rubber B, a lower portion of 
the groove portion Ba is formed as an inner portion Bal along an outer 
surface of a carcass of a product tire, and an upper portion of the 
groove portion Ba is formed as an outer portion Ba2 along an outer 
wall surface of the tire. 

The inner portion Bal and the outer portion Ba2 are each 
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formed so as to be tapered with the thickness thereof being gradually 
decreased toward the end in the direction indicated by arrow L. 

The unvulcanized rubber A (rubber chafer) extends in the 
widthwise direction in the same manner as the unvulcanized rubber B 
(side-wall rubber layer), that is, in the direction indicated by arrows L 
and R, and is formed in a tapered manner so that the thickness thereof 
gradually decreases from a thick central portion to both ends in the 
widthwise direction. 

The end of the unvulcanized rubber A (rubber chafer) at the 
side of the unvulcanized rubber B (side-wall rubber layer) is covered 
such that the upper surface thereof is in contact with the outer portion 
Ba2 and the lower surface thereof is in contact with the inner portion 
Bal. 

The other end of the unvulcanized rubber B (side-wall rubber 
layer) in the direction indicated by arrow R is formed in a tapered 
manner so that the thickness thereof gradually decreases toward the 
end. 

The vulcanized rubber C (cushion rubber layer) is disposed at 
the end of the unvulcanized rubber B (side-wall rubber layer) in the 
direction indicated by arrow R. The unvulcanized rubber C may not 
necessarily be required, depending on the type of tire. 

The unvulcanized rubber C (cushion rubber layer) is formed in 
a tapered manner so that the thickness thereof gradually decreases 
from the central portion to the both ends thereof in the widthwise 
direction. A portion of the unvulcanized rubber C in the direction 
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indicated by arrow L is covered by the other end of the unvulcanized 
rubber B (side-wall rubber layer) from an upper side. 

Next, the unvulcanized rubber extruding apparatus 10 will be 
described in detail. 

As shown in Fig. 4, the extrusion head 18 includes an 
extrusion die plate (hereinafter referred to as "die plate") 20 positioned 
at a front side in a direction in which the unvulcanized rubbers A, B 
and C are extruded, and also includes passages 22a, 22b and 22c for 
the unvulcanized rubbers A, B and C, which are directed toward the 
die plate 20 from extrusion orifices of the extruder main bodies 12, 14 
and 16. Further, the extrusion head 18 detachably accommodates an 
unvulcanized rubber member-forming device 24 for forming the 
unvulcanized rubber member 19, in which the unvulcanized rubbers 
A, B and C each have a predetermined cross sectional configuration, at 
a position between ends of the passages 22a, 22b and 22c and the 
front side of the die plate 20. 

The unvulcanized rubber member 19 is extruded from the die 
plate 20 in the direction indicated by arrow F in Fig. 4. 

The unvulcanized rubber member-forming device 24 has a 
back die 26 which serves to form a bottom portion of an outer contour 
of the die plate 20 to make a pair together with the die plate 20, a die 
holder 28 for holding and fixing the die plate 20 to the extrusion head 
18, and a back die holder 30 for holding and fixing the back die 26 to 
the extrusion head 18. 

In the unvulcanized rubber member-forming device 24, a 
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passage-forming die 32 is provided between the ends of the passages 
22a, 22b and 22c of the extrusion head 18 and the die plate 20. 

As shown in Figs. 1A, IB, 5, 6A, 6B and 6C, the passage- 
forming die 32 includes, at a central portion thereof, a passage 34b 
through which the unvulcanized rubber B flows, and also includes a 
passage 34a through which the unvulcanized rubber A flows, at a side 
in the direction indicated by arrow L, and a passage 34c through 
which the unvulcanized rubber C flows, at a side in the direction 
indicated by arrow R. 

The passage 34a and the passage 34b are connected to each 

other. 

The passage 34a has a stepped portion 36 at a side in the 
direction indicated by arrow U. 

A first weir 38, which serves as a flaw dividing mechanism, is 
provided at an end of the stepped portion 36 in the direction indicated 
by arrow D (that is, a portion at which the passage 34a and the 
passage 34b are connected) so as to protrude toward the passage 34b 
in the direction indicated by arrow D. 

As shown in Fig. 1A, the dimension of the first weir 38 
protruding toward the passage 34b is gradually made shorter from a 
substantially intermediate portion thereof in the direction indicated 
by arrow L. 

An end 38a of the first weir 38 in the direction indicated by 
arrow D is disposed at a substantially intermediate position with 
respect to an opening portion 40 formed by the die plate 20 in a 
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direction corresponding to thickness of the rubber extruded member. 
As shown in Fig. 6B, the end 38a of the first weir 38 extends to a 
position near an intermediate portion of the cross section of the 
passage 34b in a vertical direction of the die (that is, in the directions 
indicated by arrows U and D). 

A partition wall 42 is integrally formed with the end of the first 
weir 38 in the direction indicated by arrow R so as to protrude toward 
the passage 34b. 

The partition wall 42 is formed upright from the first weir 38 
so as to reach the extrusion head 18 (in the direction indicated by 
arrow B). 

A second weir 44 is provided between the first weir 38 and the 
die plate 20 so as to protrude toward the passage 34b from a side 
surface 36b of the stepped portion 36 located at a side in the direction 
indicated by arrow F. 

The end of the second weir 44 reaches the opening portion of 
the die plate 20. 

The passage 22a of the extrusion head 18 is opened at a 
position which faces the stepped portion 36, and the passage 22b is 
opened at a central portion of the passage 34b in the widthwise 
direction. 

Further, an opening of the passage 34c at the side of the die 
plate 20 is located in the vicinity of an end of the passage 22b at the 
side in the direction indicated by arrow R. 

Next, the operation of the unvulcanized rubber extruding 
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apparatus 10 will be described. 

First, the unvulcanized rubbers A, B and C are delivered by 
the extruder main bodies 12, 14 and 16, respectively, toward the 
extrusion head 18. The unvulcanized rubber A is fed into the passage 
34a via the passage 22a, the unvulcanized rubber B is fed into the 
passage 34b via the passage 22b, and the unvulcanized rubber C is fed 
into the passage 34c via the passage 22c. 

In the passage-forming die 32, the unvulcanized rubber A 
flows toward the die plate 20 as indicated by arrows al and a2, the 
unvulcanized rubber B flows toward the die plate 20 as indicated by 
arrows bl, b2, b3 and b4, and the unvulcanized rubber C flows toward 
the die plate 20 as indicated by arrows cl and c2. 

As a result, the unvulcanized rubber A is pushed out from the 
die plate 20 at the side in the direction indicated by arrow L, and the 
vulcanized rubber C is pushed out from the die plate 20 at the side in 
the direction indicated by arrow R. The unvulcanized rubber B is 
pushed out from the central portion of the die plate 20. 

Specifically, the flow of unvulcanized rubber A is partially 
changed by the first weir 38 in the direction indicated by arrow D so as 
to ride across the first weir 38 as shown by the arrow a2, and 
thereafter, the unvulcanized rubber A flows toward the die plate 20 in 
the direction indicated by arrow F. 

Further, as shown in Figs. 1A and IB, at the die plate 20 side 
of the first weir 38 (in the direction indicated by arrow F), a portion of 
the unvulcanized rubber B flows in the direction indicated by arrow L 
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as indicated by arrow b2 at the side of the direction indicated by arrow 
U (at the side of the stepped portion 36) in which the unvulcanized 
rubber A flows as indicated by arrow a2. Moreover, at the side of the 
direction indicated by arrow D (at the side of the end 38a) in which the 
unvulcanized rubber A flows as indicated by arrow a2, a portion of the 
unvulcanized rubber B flows toward the die plate 20 in the direction of 
arrow F in such a manner as indicated by arrow b 1 . 

In other words, as shown by the cross sectional view of Fig. 3, 
in the unvulcanized rubber member 19 formed by extrusion, the flow 
of the unvulcanized rubber B indicated by arrow b2 forms the outer 
portion Ba2, and the flow of the unvulcanized rubber B indicated by 
arrow bl forms the inner portion Bal. 

The end of the outer portion Ba2 of the unvulcanized rubber B 
can be changed by the position of the second weir 44 which changes 
the direction in which the unvulcanized rubber B flows as indicated by 
arrow b2 (in the directions indicated by arrows L and R). 

Further, the border line between the unvulcanized rubber A 
and the unvulcanized rubber B in the unvulcanized rubber member 19 
can also be changed by extrusion pressure of each unvulcanized 
rubber. 

Thus, the use of the unvulcanized rubber extruding apparatus 
10 of the present embodiment allows formation of the unvulcanized 
rubber member 19 shown in the cross section of Fig. 3 in one process. 
Further, unlike conventional, the unvulcanized rubber member 19 
does not have a stepped portion formed by sticking a rubber sheet onto 
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the surface thereof. Therefore, there is no possibility of bare 
occurring. 

As described above, the method and apparatus for extruding 
unvulcanized rubber according to the present invention has an 
excellent effect in that the number of processes for manufacturing 
tires is not increased and an unvulcanized rubber member from which 
a high quality tire can be obtained can be effectively produced. 
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